Mon. Not. R. Astron. Soc. 000. H1ITT1 (20051 Printed 5 February 2008 (MN WF&t style file v2.2) 



The Pisces-Cetus Supercluster: a remarkable filament of 
galaxies in the 2dF Galaxy Redshift Survey and Sloan 
Digital Sky surveys 



Scott C. Porter and Somak Raychaudhury* 

School of Physics and Astronomy, University of Birmingham, Birmingham B15 2TT, UK 



Received July 2005 



ABSTRACT 

The Pisces-Cetus supercluster (redshift z^0.06) is one of the richest nearby (z<0.1) 
superclusters of galaxies, and emerges as a remarkable filament of galaxies at the 
edges of the two-degree-field galaxy redshift survey and the ongoing Sloan Digital Sky 
Survey. We explore the extent of the supercluster on the sky and in redshift space, 
and map the distribution of its constituent clusters and groups. We find evidence of 
enhanced star formation in galaxies belonging to groups in the supercluster compared 
to those in the field. This effect appears to be higher among the poorer groups than 
in the richer ones. In contrast, star formation is suppressed in the galaxies in rich 
clusters, which is consistent with previous studies. We identify two major filaments 
in this supercluster, consisting of 11 and 5 Abell clusters, including Abell 133 and 
Abell 85 respectively, and estimate the virial masses of the clusters from their velocity 
dispersions and optical surface brightness profiles. The lower limit to the masses of 
these filaments, amounting to the total virial mass of the constituent clusters, turns out 
to be 5.2 x 10 15 M Q and 6.0 x 10 15 ft,^ 1 M over volumes of almost 6750 /if 3 Mpc 3 
and 19600 ft.f 3 Mpc 3 respectively. This corresponds to mass overdensities of f2/O cr jj = 
5m > 4.7 and 5m > 1-3 for the two filaments making up the supercluster. 

Key words: Galaxies: clusters: general; Galaxies: evolution; Cosmology: large-scale 
structure of the Universe; X-rays: galaxies: clusters. 



1 INTRODUCTION 

Observations and simulations of the large-scale structure of 
the Universe have revealed the presence of a network of fil- 
aments and voids in which most galaxies seem to be foun d 
JZucca et alJll993l: lEinasto et aflll994 IJenkins et aflll99d) . 
This implies that that the U niverse is not homogeneous on 
scales below ~ 100 M pc (Bhar adwai. Bhavsar. fc Shethl 
l2004IShandarin. Sheth. fc Sahnl2004h . which is the scale of 
the largest common structures of galaxies, though the dis- 
covery _of_stnj£tures far la r ger than thes e have been claimed 
(e.g.. iBaechi et all 12001 Brand et all 120031: iMiller et all 
2004). Large-scale structures that are much larger than the 
virial radii of individual rich clusters (<^10 h^ Mpc) are of- 
ten called superclusters of galaxies, even though this term 
has been used to denote various entities in the literature. 
We adopt this terminology in this paper. 

Superclusters are the largest gravitationally bound sys- 
tems in the Universe, though it is not clear to what scales 
this property extends. They are an essential tool to study 
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the largest-scale density perturba tions that hav e given rise 
to structure in the Universe (e.g., Bahcall 2000). These are 
particularly interesting since they have always evolved in 
the linear regime and can be analytically tractable. Super- 
clusters can be useful in quantifying the the high-end mass 
function of collapsing systems and ratio of mass to light on 
the largest scales, thus being useful in discriminating be- 
tween dark matter and structure formation models (e.g., 
iKolokotronis. Basilakos. fc Plionisll2002l:lBahcalllll988f) . 

Superclusters are expected to be predominantly fila- 
mentary structures. Numerical simulations of the evolution 
of la r ge-scale structure (e.g.. | B ond. Kofman. fc Pogosvanl 
Il996t IColberg. Kruehoff. fc Connollvll2005l) . as well as the 
analyses of large-volume surveys like t he 2dfGRS (e.g., 
iPimbblet. Drinkwater. fc Hawkrigd 12004) or studies of in- 
dividual systems of superclusters (e.g., Ihagchi et all 120021 : 
lEbeling. Barrett, fc Donovanlliooi) show the pre-eminence 
of filamentary structures. Nevertheles s, supercluster cata- 
logues are usuall y constructed (e.g., lEinasto et alJ Il994l : 
IZucca et allll993h using percolation or friends-of-friends al- 
gorithms which do not take this geometrical feature into 
consideration. 
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Figure 1. (a, Left) Clusters of galaxies belon ging to Pisces-Cetus supercluster. The minimal spanning tree used to identify the 
supercluster IRavchaudhurv et aljlin preparation!) is shown connecting the clusters. Edges in the tree with length 20 h~ 1 < L ^ 25 
Mpc are shown as dashed lines. The groups of galaxies (2PIGG) identified from a friends-of- friends analysis of the 2dFGRS ( Ek e et aH 
2004) arc shown as little circles, (b, Right) All galaxies with measured redshifts from the 2dFGRS and SDSS surveys in the region, 
between redshifts of 13920 and 22590 km/s. The SDSS reaches down to 8 = —10° in this RA range, and covers the clusters A85, A87 
and A117. The SDSS reaches up to S = —25°, and thus a large part of the supercluster falls in the gap between the two surveys, except 
for the occasional isolated two-degree fields of the 2dFGRS. 



Recently, iRavchaudhurv et alJ iin preparation!) have 
compiled a catalogue of supercluster-size structures from a 
redshift survey of Abell clusters (z < 0.1) using the min- 
imal spanning tree statistic, which co ntains all the infor- 
matio n used in a percolation analysis fehavsar fc Splinted 
1996), and is particularly sensitive to filaments. In this 
catalogue, only one of the long filaments (containing 8 or 
more Abell clusters ) is in the 2dF galaxy redshift survey 
l Colless et aLll2003l) [2 dFGRS1 or Sloan Digital Sky Survey 
(Aba zaiian et al.ll2005l) [SDSS] regions. In fact, it straddles 
both of them. 

M ore than a decade ago, in a series of papers, iTullvl 
Jl986l Il987l Il988l) pointed out the Pisces-Cetus superclus- 
ter to be one of the five richest systems of clusters of 
galaxies in the z < 0.1 Universe, and speculated that it 
could be as large as 300 h^ Mpc across, and might include 
the Local Group. S ubsequent work (e.g.. lZucca et alJll993t 
lEinasto et aT1ll994l) has pointed out interesting features of 
significantly smaller substructures of this remarkable web 
of galaxies, groups and cluste rs, and at least one unusually 
large void jBurns et alJll988l) . 

In the sup ercluster catalogue of IRavchaudhurv et alJ 
lin preparation!) , the Pisces-Cetus supercluster occupies a 
region of about 700 sq. deg. of the (equatorial) southern sky. 
While using the Minimal Spanning Tree (MST) in construct- 
ing this catalogue, if a maximum edge-length of 20 h^ 00 Mpc 
is used, the system breaks up into two filaments (A, B) of 11 
and 5 clusters respectively, at mean redshifts of 0.0625 and 
0.0545 respectively. If, however, adjacent clusters on the tree 
are allowed to be separated by a distance of up to 25 /ij~ ou 
Mpc, the supercluster becomes a long filament of 19 clus- 
ters at a mean redshift of 0.0591, making the supercluster 
the third richest in the catalogue (following the Shapley and 
Horologium- Reticulum superclusters) . This is illustrated in 
Fig. Iflt, where the clusters excluded by the former consider- 
ation are shown to be connected to the main tree by dashed 
lines. 



In this paper, we seek to characterise the extent of the 
supercluster in §2 from the 2dFGR S and SDSS surveys, and 
from the SuperCosmos Sky Survey jHamblv et alJl200lh . In 
§3 we calculate mean velocities and velocity dispersions for 
the constituent clusters, while in §4 we look at evidence 
of enhanced star formation in galaxies belonging to groups 
along the filaments of the supercluster, as an indicator of 
galactic interaction in superclusters. In §5 we calculate virial 
masses of the constituent clusters based on their optical lu- 
minosity profiles and velocity dispersion, to estimate a lower 
limit to the mass overdensity in the supercluster. We sum- 
marise our major conclusions in §6. Detailed notes and X- 
ray images of the constituent clusters can be found in the 
Appendix. Throughout this paper we use Ho = 70 km s _1 
Mpc" 1 . 



2 CLUSTERS OF GALAXIES BELONGING TO 
THE PISCES-CETUS SUPERCLUSTER 

The clusters comprisi ng the Pisces-Cetus supercluster from 
the MST analysis of IRavchaudhurv et alJ llin preparation!) 
form the core of our sample, and are listed in TableQ Unlike 
MST analyses of galaxy catalogues, where completeness is 
an important consideration, the supercluster list obtained 
in this catalogue is considered reasonably complete since it 
arises from an analysis of rich Abell clusters in the volume 
closer than z < 0.1 (Galactic latitude j&j > 20°). 

To the member list of the Pisces-Cetus Superclus- 
ter from the above list, We added a few clusters, in the 
same volume as the filament, from the Supplemen tary 
Abell cluster catalogue (lAbell. Corwin. fc Qlowinll989ri and 
the Edinburgh-Durha m Southern Galaxy Cluster Catalogue 
iLumsden et aljfl997f) . These extra clusters were taken as 
potential members of the supercluster if their redshift as de- 
rived in §3 was found to be consistent with the other mem- 
bers. 
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Figure 2. (a, top) Clusters of galaxies belonging to Pisces-Cetus 
supercluster, covering the declination range —32° <S < —9°. The 
2PIGG groups of galaxies are shown as little circles, but only in 
the declination range covered by the 2dFGRS (-32° < 6 < -25°). 
(b, bottom) Galaxies with rcdshifts (mostly from 2dFGRS, see §3) 
in the Pisces-Cetus supercluster region (Declination range —32° < 
<5 < —20°). The mean positions of the clusters in the supercluster 
are marked. The 2dFGRS only goes up to 8 < —25°, which is 
why some of the clusters don't seem to be associated with obvious 
concentrations. 



A plot of these clusters within the supercluster region 
and redshift range, including the connecting MST, can be 
seen in Fig. [J,. Also plotted are the groups of galaxies 
in the region of the supercluster covered by the 2dFGRS 
[S < -25°] from the 2dF GRS Percolation -inferred Galaxy 
Group (2PIGG) catalogue (lEke et alJl20ol) . which are seen 
to follow a filamentary structure (though not necessarily the 
tree defined by the MST), as expected from numerical sim- 



ulations where groups are seen to preferentially form on fil- 
aments and move along filaments to fall into clusters. For 
comparison, Fig. ^> shows all galaxies with spectroscopic 
redshifts from the SDSS and 2dFGRS catalogues, where only 
galaxies within 1000 km/s of the upper and lower redshift 
bounds of the supercluster have been plotted. Overdensities 
of galaxies are clearly visible in the regions around the richer 
clusters and the filamentary structure of the supercluster is 
also visible. 

Figs. |2| show the same galaxies, but using the redshift 
information described below. A combined look at Fig.^and 
Fig- |U reveals that the supercluster is made of two main fil- 
aments. From Figs. [5^, which plots redshift against Right 
Ascension for the groups and clusters in the region, it is 
evident that the filament containing A85 is at a lower red- 
shift than the longer filament, which has A133 at the near 
end and A2716 at the more distant end. The poorer clusters 
E0332 and SI 155 appear to be in a clump separated from 
both of the main filaments, with a filament of groups joining 
these three clusters to the principal filament. 



3 SPECTROSCOPIC DATA 

Positions from the NASA/IPAC Extragalactic Database 
(NED) were taken as a starting point for the cluster cen- 
tres, and then they were located on UK Schmidt Telescope 
(UK ST) Bj plates. The NED positio ns, particularly those 
from lAbell. Corwin. fc Olowir] (Il989l) . were largely inade- 
quate. Therefore, centres were determined from available X- 
ray data whenever possible (see Appendix), and from a vi- 
sual inspection of the appropriate UKST plates otherwise. 
Our adopted coordinates can be found in Table 

Redshifts were taken from all avail- 
able sources including NED, ZCAT 
(http://cfa- www.harvard.edu/~huchra/zcat/), the first 
data release of the 6dF Galaxy Survey Database 
l|Jones et alJ 12004) [6dFGS DR 1], the 2dF galaxy red- 
shift survey dColless et alJ 120031) and th e second release 
(DR2 ) of the Sloan Digital Sky Survey jAbazaiian et all 
2005). The galaxies were initially extracted from these 
catalogues within an Abell radius (2.14 h?o Mpc) of the 
new cluster centres and filtered for repeated galaxies. 



3.1 Mean redshift and velocity dispersion 

Mean recessional velocities for clusters that have redshifts 
available for ^ 4 galaxies, within the Abell radius of 2.14 h^o 
Mpc, were calculated from the compilation described above, 
using an iterative process clipping 3<r about the median, and 
finally calculating the mean. If ^ 12 galaxies with known 
redshift remained, the velocity dispersion of the cluster and 
its error were calculated, using a method that takes into ac- 
count observational errors on indiv idual redshift measures 
JPanese. de Zotti. fc di Tullioll98ol) . The resulting mean ve- 
locities, velocity dispersions and the number of cluster mem- 
bers used to calculate them can be found in TableQfor each 
cluster belonging to the Pisces-Cetus supercluster. 

Velocity histograms of each cluster can be seen in Fig. 01 
Where more than a peak is obviously present, the velocity 
dispersion of the peak closest to the mean recessional veloc- 
ity of the supercluster has been adopted. However, in some 
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cases, membership remains ambiguous. For example, even 
though a large number of galaxies were found with mea- 
sured redshifts within the Abell radius of A87, it is likely 
that a large fraction of them are in fact members of A85, 
since the centres of these two are only ~2 h^ Mpc apart. 

Fig. |2p shows all the galaxies with redshifts from 2dF- 
GRS and ZCAT in the declination range -32° < S < -20°. 
The diagram shows clearly the filamentary nature of the 
supercluster and the positions of the Abell clusters on the 
filaments. There are some clusters not obviously associated 
with overdensities- these are in the declination range not 
covered by the 2dFGRS. 



4.1 Rate of star formation: the r\ parameter 

To investigate the variation in the rate of star forma- 
tion rate with local environment, we used the spectral pa- 
rameter rh which is found from a principal components 
analysis iM adgwic k et alJ I2002F) of the 2dFGRS spectra. 
iMadewick et al.l (120031) found a tight correlation between 
r\ and the equivalent width of the H a emission line, sug- 
gesting that rj is a measure of relative star formation. Here 
we will look at galaxies with rj > 0, which corresponds to 
W (# Q )>4A, so that we can assume that these galaxies have 
a significantly enhanced rate of star formation compared to 
the mass of the older stellar population. 



4 THE INFLUENCE OF THE SUPERCLUSTER 
ENVIRONMENT ON STAR FORMATION IN 
GALAXIES 

Studies of the environmental effects on galaxy evolution in 
the past have shown tha t star formation is suppressed in 
the cores of rich clusters l|Dresslerl 1198ft ICouch fc Sharpie's! 
Il987l: iBaloeh et al1ll998l) . More recently, from the high- 
quality spectra of the 2dFGRS and SDSS archives, the dif- 
ference between the properties of star-forming and quiescent 
galaxies have been further characterised, and shown to de- 
pend on the local density of galaxies. For instance, studies 
i|Lewis et all 120021: iGomez et all 120031: iBalogh et all 12004 ) 
identifying star formation activity with the equivalent width 
of the H a emission line W (H a ), show that the fraction of 
galaxies with W (H a ) > 4A steadily declin es with increase in 
the th ree-dimensional density of galaxies. iKauffmann et all 
(2004) show similar effects, with the star formation history 
being quantified from line indices measured elsewhere in the 
spectrum as well, including the Hg absorption line and the 
strength of the 4000 A break. 

It is appa rent from various other studies (e.g. 
iMiles et all2004l) that there is evidence for an enhanced rate 
of galaxy mergers in the not-so-high-density environments of 
groups, particularly in the poor ones, where the low velocity 
dispersion of galaxies favours tidal interaction in a dynami- 
cally sluggish system. This leads to, for instance, a depletion 
in the intermediate-mass galaxies as evident from bimodal 
luminosity functions. In such systems, we would expect the 
rate of merger-induced star formation to be enhanced with 
respect to the field, even though star formation is found to 
be quenched in high density environments typical of rich 
clusters. 

Indeed, in the hierarchically merging scen ario supported 
by lar ge- volume numerical simulations such as I Jenkins et alJ 
(1998), much of this merger-driven evolution in the history 
of a galaxy is expected to occur in small groups forming in 
and falling along a supercluster filament towards regions of 
higher density. In contrast with the behaviour of galaxies in 
the field and among the highest densities in clusters, where 
one expects to find an abundance of quiescent galaxies, we 
would expect to find an increase in the fraction of galaxies 
with active star formation, induced by interaction, in the 
groups that belong to a supercluster filament. Here we in- 
vestigate this effect by selecting a sample of galaxies that 
belong to groups belonging to the part of the Pisces-Cetus 
supercluster in the 2dFGRS volume, and comparing their 
properties with those of galaxies elsewhere. 



4.2 Samples of galaxies in various environments 

Seven samples of ga laxies were complied from the 2dFGRS 
dColless et al . 2003) catalogue, for which the values of rj pa- 
rameter were extracted. These were: 

(i) SC-PG: Galaxies (n = 573) belonging to poor groups, 
extracted from the 2PIGG catalogue of groups found in the 
2dFGRS llEke et al J f2004h . which have 4 sC N < 10 mem- 
bers, and lying within the Pisces-Cetus supercluster region 
(Fig.0; 

(ii) NSC-PG: Same as above, but for poor 2PIGG groups 
that do not lie in superclusters (n — 3822). This was 
achieved by omitting all galaxies withi n a liberal radius of all 
supercluster cen tres in the catalogue of lRavchaudhurv et alJ 
din preparation!) : 

(iii) SC-RG: Galaxies (n = 6130) belonging to rich 
2PIGG groups, which have N > 10 members, lying in the 
Pisces-Cetus supercluster region; 

(iv) NSC-RG: Same as above, but for groups not in su- 
perclusters (defined as in (ii)); 

(v) FIELD: All galaxies (n = 44363) in the 2PIGG cata- 
logue not flagged as being a member of any group; 

(vi) SC-C: Galaxies (n = 369) from Abell clusters that 
are part of the Pisces-Cetus supercluster, falling within the 
2dFGRS region. 

(vii) NSC-C: Galaxies (n = 552) belonging to Abell clus- 
ters in the 2dFGRS regions, with simi lar redshifts, but not 
belonging to an y supercluster in the iRavchaudhurv et alJ 
din preparation!) catalogue. 

Since the rich "groups" and "clusters" are taken from 
different lists, some "cluster" galaxies would be included 
within the "rich group" samples, but this small number will 
be swamped by the much larger number of group galaxies. 

Assuming that n > for a galaxy signifies evidence 
of enhanced star formation, we investigate the fraction of 
galaxies that have positive rj in the various group and clus- 
ter samples, and compare them with the galaxies in the field 
sample. In Fig. [I] we plot cumulative histograms of the frac- 
tion of galaxies with a value of n between < rj < rjo in each 
sample. The histograms are normalised by the total number 
of galaxies in each sample. 

To find a formal measure of the difference between the 
histograms, we used both the familiar K olmogorov-Smirno v 
(K-S) statistic and the Kuiper statistic dPress et alJll992T) . 
Since we are looking for differences in our distributions in 
the high-?? tail, the Kuiper statistic would in principle fare 
better than the K-S statistic in quantifying differences. 
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Figure 3. Radial velocities of galaxies lying within the Abcll radius of 2.14 h^ Mpc of each galaxy cluster, belonging to the Pisces-Cctus 
supercluster, compiled from NED, 6dFGS, 2dFGRS and SDSS. For each cluster, the mean recessional velocity is shown as a dotted line, 
and for those with ^12 redshifts, the velocity dispersion is shown on the upper right. 
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Figure 4. (Left, a) Cumulative distribution of the spectral parameter r\ for galaxies with < r) < t)q, normalised by the total number of 
galaxies in each sample. A high value of the parameter rj indicates a higher width of the H a emission line, and thus a higher rate of star 
formation. The thickest solid line refers to the FIELD sample (see section f4.2l . The thinnest and medium thick solid histograms refer to 
poor group galaxies within the supercluster, (SC-PG) and rich group galaxies within the supercluster (SC-RG) respctively. The dashed 
histograms refer to poor group galaxies not within the supercluster (NSC-PG, thinner line), and to rich group galaxies not within the 
supercluster (NSC-RG, thicker line). (Right, b) Cumulative distribution of ?j, as in (a), with the thick histogram being the field sample 
as in the left panel, the dash-dotted line representing cluster galaxies within the supercluster region (SC-C) and the dotted histogram 
standing for cluster galaxies not within the supercluster region (NSC-C). 



It can be seen in Fig[IJ, that there is a marked differ- 
ence, in the distribution of the r\ parameter, between the 
group galaxies within and outside of the supercluster. For 
both poor and rich groups, galaxies in those that belong to 
the supercluster show evidence of enhanced star formation. 
For the SC-PG and FIELD samples, the K-S and Kuiper 
statistics indicate that the probability of the samples to be 
drawn from the same parent distribution is 0.01 and 10 -8 
respectively. This would be consistent with the filamentary 
structure of the supercluster leading to an enhanced merger 
rate among galaxies belonging to the supercluster filament. 

For both SC and NSC groups, galaxies in poorer groups 
seem to have the higher star formation rates. This would 
support evidence of more rapid merging within the poorer 
groups, which would have generally lower velocity disper- 
sions, which would in turn encourage tidal interactions. This 
is in agreement with the differe nce found between the lumi- 
nosity functions of galaxies bv lMiles et alJ <l2004l) in X-ray 
bright and X-ray faint groups. 

Even smaller probabilities are obtained when the SC- 
PG and SC-C samples, i.e. galaxies belonging to poor groups 
and to clusters in the supercluster, are compared. On the 
other hand, the difference between the SC-PG and SC-RG 
galaxies, however, is marginal, but possibly significant, the 
probability of being drawn from the same distribution is 0.53 



and 0.1 according to the K-S and Kuiper statistics respec- 
tively. 

It can be seen in Fig 0J) that the cluster galaxies 
have a smaller percentage of their galaxies in the higher 
r) values than the field sample, implying star formation is 
suppress e d in t h e cluster environment in ag reement with 
iDresslerl <1980h : ICouch fc Sharpies! (Il987l) : iBaloeh et all 
l^9^) ~Howe ver . the cluster galaxies within the superclus- 
ter seem to have an even lower star formation rate than 
the cluster galaxies outside of the supercluster. This is the 
opposite trend to that found for the group galaxies. 



5 RADIAL PROFILES OF LIGHT 

For all clusters belonging to the Pisces-Cetus supercluster, 
listed in Table 1, all galaxies within a radius of 2.14 hj 
Mpc (equal to the Abell radius, defined as 1.5 h^ Mpc) 
of our adopted centres were extracted from the Reliable 
Galaxies catalogue of the SuperCosmos Science archive 
jHamblv et alJl200ll) . Galaxies were radially binned, with 
variable radius such that there was an equal number of 
galaxies (N ~ 10) within each annulus. The luminosity per 
unit area in each annulus was then calculated to plot the 
surface brightness profiles, an example of which is shown in 
Fig-El A 10% error is shown associated with each point. 
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Figure 5. The radial surface brightness profile for galaxies in 
the Abell 2734, with the best-fit projected NFW model (Eq. 
superposed. Member galaxies are binned in annuli around the 
cluster centre, such that each annulus contains an equal number 
of galaxies. 



5.1 NFW Surface brightness profiles 

The radial surface brightness profiles were fit , using \ 2 min- 
imisation, with the lNavarro. Frenk fc White! Jl99rj) (NFW) 
model for luminosity density 



A(r) = 



5\ p c 



(1) 



where r c — r2oo/c is a characteristic radius, p c = 3Hq/8iyG 
is the critical density (Ho is the current value of Hubble's 
constant), and S c and c are two dimensionless parameters, 
representing the mean overdensity and central concentration 
of the radial profile respectively. The mass densities of the 
usual NFW profile are scaled to light density profiles as- 
suming light traces mass, at least in the visible cores of each 
cluster, such that 8\ — S c /T, where T = M/L is the mean 
mass-to-light ratio of the cluster. 

This implies that the projected surface brightness 
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where x — r/r c , R being the projected radius from the cen- 
tre of the cluster. This projected model is then fit to the 
observed surface brightness profiles, with an additional con- 
stant term to represent foreground/background galaxies. An 
example of such a fit can be found in Fig. for the cluster 
Abell 2734. The profiles are generally well fitted with 16 of 
the clusters having reduced chi squared values of between 0.9 
to 1.1, except for a couple of cases with obviously deviant 
points. 



5.2 Virial mass estimates 

The mass within a radius r from the centre of the cluster 
can be derived from the mod elled velocity dispersion and 
spatial density profiles A (r) llKoranvi fc Gellen 2000). On 
assumption of a constant mass-to-light ratio T = M/L, the 
mass density p (r) = TA(r), following Q, results in the 
enclosed mass profile, 



M(<r) =4nS c p c rl[\n(l + 



r/r 



1 + r/r c 



(4) 



The core radius r c has already been found in the fitting of 
the surface brightness profile above. The quantity S c and c 
are linked by the requirement that the mean density within 
i~2oo should be 200xp c , i.e., 

5 C =™ ° 3 (5) 



3 [ln(l + c)-c/(l + c)Y 

where c = r 2 oo/r c - 

Assuming that the virial theorem holds, an estimate of 
r2oo can be gained from 



M 20 or v 



ioo^iii#, 



(6) 



where cr^ is the radial velocity dispersion of the cluster and 
r v is the approximate virial radius determined by 



7T N(N-l) 
2-~ii 2-~ii<i ij 



(7) 



where Af is the number of galaxies in the system. The sum- 
mation is over all pairs of galaxi es where the project ed 
separation for each pair is Rij feinnev fc Tremainelll987l) . 

The enclosed mass profile Q can be used to find M200 
and M v in terms of 5 C . The calculated cluster masses within 
the Abell radius of 2.14 Mpc, and their core radii and 
virial radii found from the model fitting, can be found in 
Table 

The virial estimate will fail to represent the gravitat- 
ing mass of a cluster which is very obviously in the process 
of rapid evolution, e.g. a collapsing or interacting system, 
since the virial theorem does not strictly apply to systems 
whose moment of inertia is significantly changing with time. 
Abell 87 is obviously such a system (see Appendix), so in- 
stead of measuring its virial mass, we have assumed it to be 
equal in mass to Abell 85 in overdensity calculations. 



5.3 A lower limit to the Mass of the Supercluster 

The sum of the individual virial masses of the clusters, as 
calculated in the previous section, can be treated as a lower 
limit to the mass of the supercluster. As described above, 
we assume that the mass of Abell 87 is the same as that 
of Abell 85. For the entire system consisting of 19 Abell 
clusters and three non- Abell clusters, as listed in Table 
this amounts to 1.5xl0 16 h^g 1 Mq. This corresponds to the 
case where the inter-cluster links in the MST are allowed to 
be ^ 25 ft -1 Mpc. However, as in this paper, if one considers 
inter-cluster links of 20/i _1 Mpc or less, the supercluster is 
made of at least two distinct filaments. 

(i) For the filament containing A85, we use a cylindri- 
cal column of length 10.5 deg and cross-section of diameter 
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4 deg. For this volume of 6757 Mpc 3 , we obtain the total 
mass of the clusters as 5.2 x 10 15 Mq\ 

(ii) For the filament containing A133, using a cylindrical 
column of length 21 deg and cross-section of diameter 4 deg, 
amounting to a volume of 19598 Mpc , we obtain the total 
mass of the clusters as 6.0 x 10 h^Q Mq. 

With the critical density of the universe having a value 
of p c = 1.36 x 10 11 /i? M Mpc" 3 , these values for the 
mass of the Supercluster represent matter overdensities of 
5 M = An/fi cr i t >4.7 (over 6757 Mpc 3 ) and 5 M >1.3 
(over 19598 ftf 3 Mpc 3 ) for the A85-related and A133-related 
filaments respectively. These values are similar to those 
found in the core of the Shapley supercluster, and the cos- 
mological significance of such overdensities i n a supercluster 
filament has been discussed in the lit erature l|Ravchaudhurvl 
ll989l:lEttori. Fabian, fc Whitdll997i) . Given that these rep- 
resent just the mass of the clusters in the filament, and that 
the matter density of the Universe is Qm ~0.3, these amount 
to very significant overdensities over very large volumes, 
larger than is required for a given volume to turn around 
and collapse upon itself. 



6 CONCLUSIONS 

We have used survey redshifts (mainly from 2dFGRS, 
6dFGS, SDSS, NED and ZCAT) and photometry (from Su- 
perCosmos) of galaxies belonging to the clusters belonging 
to the Pisces-Cetus supercluster to investigate its nature, ex- 
tent and orientation. The supercluster consists of two main 
filaments, consisting of 11 and 5 clusters respectively, at 
mean redshifts of z =0.0625 and 0.0545 respectively. Most of 
the former, containing the cluster A133, lies in the 2dFGRS 
region, and gives us a remarkable three-dimensional view of 
a string of clusters, with groups delineating the filamentary 
structure. The latter, partially covered by the Sloan Digital 
sky survey, contains the clusters A85 & A87, for which in- 
dependent evidence exists (from X-ray observations) of col- 
lapse along the filament. 

For the galaxies lying in the region of the sky covered 
by the 2dFGRS, we investigated the evidence of enhanced 
star formation in groups and clusters within and outside the 
supercluster, using the rj parameter measured from princi- 
pal components of the spectra, which has been shown to 
correlate well with the equivalent width of the H a emission 
line. We found that while, as expected, cluster galaxies have 
evidence of suppressed star formation compared to galaxies 
in the field, a higher percentage of the galaxies in groups 
belonging to the supercluster have enhanced star formation 
compared to those in the field. This would be consistent 
with the filamentary structure of the supercluster leading to 
an enhanced merger rate, which would in turn induce star 
formation. 

Of these, from the r\ values, it appears that galaxies in 
poor groups in the supercluster have more enhanced star 
formation than those in the richer groups. This would im- 
ply that due to the enhanced rate of galaxy mergers within 
the poorer groups, which in general have lower velocity dis- 
persions and thus the galaxies in them experience more dy- 
namical friction. This agrees with the difference of the lumi- 
nosity functi on of galaxies bet ween X-ray bright and X-ray 
faint groups dMiles et al.ll2004l) . 



Virial masses were calculated from NFW fits to sur- 
face brightness profiles and velocity dispersions for the con- 
stituent clusters, the sum of these masses being taken as a 
lower limit to the mass of the supercluster. These were found 
to be 5.2 x 10 15 Mq and 6.0 x 10 15 Mq respectively 
for the A85-filament and A133-filament. These correspond 
to mass overdensities of Q/Q, cr i t = 5m >4.7 and 5m >1.3, 
over volumes of almost 6750 ftf 3 Mpc 3 and 19600 /if 3 Mpc 3 ) 
respectively, for the A85-related and A133- related filaments. 
These values indicate that in both these branches, it is likely 
that a large fraction of the supercluster has already turned 
around and collapsed upon itself. 

We started this discussion with the debate concerning 
the scale of the largest bound structures in the Universe, and 
the scale of homogeneity of t he Universe. Ever since the dis- 
covery of the "Great Wall" ijOeller fc Huchralll989h . which 
seemed to be a structure almost < 200 Mpc long, the 
discovery of comparable structures have been claimed ( e.g. , 
iBaechi et al.l2002l: iBrand et al.l2003llMiller et al.ll2004h . To 
be cosmologically significant, it is necessary to show that 
these large structures are gravitationally bound, which is 
difficult to demonstrate. In this work, the two superclus- 
ter filaments we consider are respectively 100 h^ Q Mpc and 
50 h^Q Mpc long. A large fraction of these filaments seem to 
be bound entities, showing evidence of ongoing evolution, 
and interaction-induced star formation. This is consistent 
with statistical analyses of the LCRS and 2dF redshift sur- 
veys, which indicate that the scale of homogeneity sets in 
beyond the scale of ~ 100 h^Q Mpc or so. 
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Table 1. Clusters of galaxies belonging to the Pisces-Cetus Supercluster 
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Columns: (1) Name of cluster (A*** and S*** lAbell. Corwin. fc QlowinHl989l) . ED332 iLumsden et alJ Il997fl : (2,3) Equatorial J2000 
centres (we use centroids of X-ray emission where availa ble, see Appendix); (4) Redshift (see 113.11 : (5) Number of cluster member 
redshifts used to find the mean cluster redshift f(e) IStruble fe Rood) |l999|) and H 3.ll: ( 6) Bolometric X-ray luminosities 
(Ya lJones fc Formanl <1999l) : (b) ICruddace et alJ J2002T); CcTlReiprich fc Bohringer I <2002tl; fd'llLedlow et ail l2003Tl'l: (7 ) Temperature 

(*=estimated from Lx — T relation Osmond & Ponman (2004)); (8) Abell richness iAbell. Corwin. fc Olowinl Jl98E|)); (9) Survey 
coverage [S=Sloan, Number= completeness in 2dFGRS field]; (10) Velocity dispersion (see A3. II : (11) T200 in Mpc (see Eq. H>J); (12) 
Virial radius (sec Eq. (7)); (13) Cluster virial mass within an Abell radius (2.14 h~g Mpc) (see Eq. gj). 
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APPENDIX A: X-RAY OBSERVATIONS 

We reduced the available archival ROSAT PSPC 
pointed observations of A85, A133 and A2734, as 
well as those of the others that were detected in the 
ROSAT all-sky survey (RASS) and the EINSTEIN 
observations, using the ASTERIX software package 
(http://www.sr.bham.ac.uk/asterix-docs). The smoothed 
contours of X-ray flux in the 0.1-2.4 keV range can be seen 
as overlays on optical (blue) DSS images in Fig. llATl . 
X-ray luminosities from literature were converted into 
bolometric luminosities, with the software package PIMMS, 
using a Raymond-Smith model. The temperature of the 
plasma, when not found in the literature, was estimated 
from the velocity dispe rsion-temperature relation of 
lOsmond fc Ponmanl (I2004T) and a suitable H I column 
density. The luminosity and temperature values are listed 
in Table □ 



APPENDIX B: NOTES ON INDIVIDUAL 
CLUSTERS 

Abell 14 Our adopted position from a visual inspection of 
DSS images is offset by AR A.= -3" and ADec= +22" from 
the original Abell position. I Abell. Corwin. fc Olowinl lll989l) 
noted t hat the brightest galaxy and the 3rd brightest are 
spirals. iBaier et al.l (I2003F) analysed a sample of 974 COS- 
MOS/UKST southern sky object catalogue galaxies from 
the cluster and found substructures in the cluster. 

Abell 27, 86, 114, 117, 126 Our adopted positions from 
a visual inspection of DSS images are offset by (A 27): 
AR.A - +3" and ADec= -50"; (A 86): AR.A- +11" 
and ADec= -18"; (A 114): AR.A - -11" and ADec= 
-4'; (A 117): AR.A - -9" and ADec= +2'39"; (A 126): 
AR.A - +7" and ADec= -1'53" from the original Abell 
position. 

Abell 74 Our adopted position from RASS X-ray emission 
and confirmed by a visual inspection of DSS images is off- 
set by AR.A - +16" and ADec= -1'19" from the original 
Abell position. 

Abell 85, Abell 87 Our adopted position for Abell 85 
from a visual inspection of DSS images is offset by AR.A.= 
+ 13" and ADec= +2' 18" f rom the original Abell position. 
iGiovannini fc Ferettil i2000h note that radio emission is de- 
tected from the central cD galaxy of A85, and two head-tail 
radio galaxies are also visible. XMM-Newton observations 
jDurret et alJl2003h have shown that A85 is a strong X-ray 
source with an extended 4 Mpc filament to the south east 
while A87 is not detected. iKempner fc Sarazinl i2002T) in- 
vestigate the south subcluster of A85 to the north of this 
filament, and confirm that this subcluster is merging with 
the main cluster, showing evidence of significant disruption, 
possi bly associated with non-thermal inv erse Compton emis- 
sion jBaechi. Pislar. fc Lima Netdll99gh / 

Abel l 133 Ou r ado pted position is taken from 
IJones fc Formanl l|l999l) . and is offset by AR.A.= +3" 
and ADec= — 4'5l" from the original Abell position. 
lEdee fc Steward lll99lf) note the presence of a bright cD 
galaxy with m ultiple nuclei at t he centre of a cooling flow 
X-Ray cluster. ISlee et all feOOll) point out the cluster has 
a radio relic, which is a diffus e steep-spectrum source 
with no optical identification. iFuiita et alJ J2002T) found 
a tongue of X-ray emission extending the the northwest 
of the cD galaxy with no optical counterpart. The X-ray 
spectrum showed the emission to b e thermal and at a lower 
temperature than the ambient gas. IFuiita et alJ i2004l) find 
evidence of a weak merger shock, and suggest it to be the 
origin of the tongue-like X-ray structure. 

Abell 151 Our adopted position from a visual inspection of 
DSS images is offset by AR. A.= -1" and ADec= +37" from 
the original Abell position. iProust et alJ lll992T) studied the 
kinematics of the cluster, and found that it is composed of 
three subclusters at z =0.054, 0.041 and 0.11. They suggest 
that the background one at z=0.11 is likely to be part of 
a supercluster including A86, A131, A159, A166 and A183. 
They also find a southern substructure which they conclude 
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Figure Al. (Top row) X-ray contours from pointed ROSAT PSPC observations, superposed on optical DSS images (blue) of the clusters 
Abell 85, Abell 133 and Abell 2734. (Middle row) Similar X-ray contours of Abell 14 (RASS), Abell 74 & Abell 117 (Einstein IPC), 
Abell 151 (RASS), and (Bottom row) of Abell 2716, Abell 2794, Abell 2800, and Abell S1136 (all RASS), superposed on optical DSS 
images. 



is a foreground group. iGirardi et alJ (^998) show that the 
cluster consists of two separate clumps, A151a, 44 galaxies 
(oy = 714 km/s) and A151b, 7 galaxies ay = 385 km/s). 

Abell 2660, Abell 2683, Abell 2716, Abell S1136 Our 

adopted position from a visual inspection of DSS images 
is offset by (A2660): AR.A.= -2" and ADec= +8'9" and 
(A2683): AR.A - +3" and ADec= -3'26" and (A2716): 
AR.A - +10" and ADec= +2'7", (AS1136): AR.A - +3" 
and ADec= +4" from the original Abell position. 



and ADec= +12'31" and (AS1155): AR.A - -27" and 
ADec= — 5'5" from the original Abell position. 

Abell 2800 Our adopted position from RASS X-ray emis- 
sion and confirmed by a visual inspection of DSS images is 
offset by AR.A - +11" and ADec= 39" from the original 
Abell position. 



Abell 4053 iMazure et alJ (^996) list a foreground group: 
z = 0.0501 from 7 redshifts, oy = 731 km/s) 



Abell 2734 Our adopted position taken from 
ICruddace et alJ i2002T) and confirmed by a visual in- 
spection of DSS images is offset by ADec= +37" from the 
original Abell position. 



Abell 2794, Abell S1155 Our adopted position taken 
from iLumsden et alJ (Il992t) and confirmed by a visual in- 
spection of DSS images is offset by (A2794): AR.A.= +1'5" 



